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Little information is available on the vegetation of the 
southern Free State, A phytosoc iological anatysis of the 
Acacia communities of the dry southwestern Free State 
is presented. Releves were compiled in 83 stratified 
rando m sample p lots, A TWINSPAN classificat ion , 
Introduction 
Mentis and Huntley (1982) stated the necessity to determine 
the location and extent of the major vegetation types within 
the Grassland Biome. The study area (Figure 1) is situated 
within the Nama-Karoo Biome (Rutherford and Westlall 
1994). 
Plant communities are conceived as vegetation units thaI 
are characterised by their floristic composition (Whittaker 
1978). Each plant community may thus be regarded as a 
unique entity with its own species composition and associat-
ed set of environmental factors. According to Westhoff 
(1971) the description of plant communities is essential to 
provide a scientific inventory for conservation and in gener-
al for the preservation of biotic diversity. 
The aim of this study is to classily and ecologically inter-
pret the Acacia communities in the arid south-western Free 
State by means of Braun-Blanquet procedures. Acacias are 
a conspicuous feature of our vegetation and there is much 
demand for information about them (Carr 1976). According 
to Carr (1976), the genus Acacia is one 01 the most wide-
spread and conspicuous genera in Africa. It was thus decid-
ed to describe the thornveld communities as a separate enti ~ 
ty 01 the south-western Free State. Shrubland communities 
01 the rocky outcrops (Malan et al. 1998) and the drainage 
channels (Malan et al. 2000) within the southern and south-
western Free State also contain Acacia species. A phytoso-
ciological table of the Acacia communities is available from 
the l irst author. 
In savanna, negative competition interaction between 
woody plants and grasses has been demonstrated by sev-
eral studies (Smit 1999). This negative competition interac-
tion is mainly for available soil water, and high tree densities, 
especially in the more arid savannas. High tree densities 
suppress the grass cover. The increase in tree density is 
commonly referred to as bush encroachment and is consid-
ref ined by Braun-Blanquet Procedures, resulted in 20 
plant communities. These communities have ecological 
similarities and differences as pointed out by the DCA 
ordination. 
ered by farmers to be a serious problem in large areas of the 
savanna (Smit 1999). According to Smit (1999), the reduc-
tion in grass production (and grazing capacity) contributes to 
an increase in woody plant density. 
Studies have shown that soil under the canopies of Acacia 
trees has higher concentrations of nitrogen, soil organic 
matler, phosphate and eXChangeable cations like potassi-
um, magnesium and calcium compared to soil from the open 
areas. In addition, soil under these tree canopies otten 
exhibits a higher pH and lower electrical resis tance (h igh 
concentrations 01 soluble salts) than soil between tree 
canopies (Smit 1999). Acacia species thus play an important 
role in soil enrichment. 
Study Area 
The study area (Figure 1) is part 01 the Nama-Karoo Biome 
(Rutherford and Westfall 1994) and falls within the 
300-400mmiannum rainlall interval (Weather Bureau 1965). 
Veld types included are the Orange River Broken Veld (Veld 
Types 35, 36 and 40 respectively 01 Acocks 1988) and the 
Orange River Nama Karoo (Hoffman 1996). 
Geology 
The main stratigraphiC unit is the Ecca Group (SACS 1980). 
Alluvium , sand and calcrete depOSits also occur and are 
mainly situated in the north-western corner of the southern 
Free State, south-west 01 Jacobsdal, as well as in the region 
of Luckhoff in the extreme south-western parts. Dolerite 
dykes Irequently occur, especially in the reg ion of the 
Vanderklool Dam (Du Toit 1954). 
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Figure 1: The locatIon at the study area in relatIon to towns 
Soils and Land Types 
The most common soil group is lime rich and weakly devel· 
oped on rock of the Kimberley and Plooysburg forms (Soi l 
Classification Working Group 199 1). Other soil groups 
include sands , combinations of red clays and undifferentiat-
ed rocks and lithosols. Water and wind easily erode the soil. 
Natural vegetation is mostly confined to shallow, rocky, non-
arable soils. According to Hoffman (1996) red and yellow 
apedal, freely draining young soils are prominent in the 
larges1 part of the Orange River Nama Karoo. 
The Ae, Ag and Da land types are most prominent in the 
northern and western parts of the study area. These soils 
are mainly red with a high base status, (Ae and Ag land 
types). Duplex soi ls (clayish soi ls with a sandy layer on top) 
with red B-horizons also occur (Da land type). tn the south-
ern parts of the study area, the soil surface is rocky, exposed 
rock covering 60-80% of the surface (tb land type). The Ib 
land type is prominent in the region of the Van der Kloof Dam 
(Land Type Survey StaH, in press). 
A detailed description of the physical environment 01 the 
study area is presented in Malan et al. (1998). 
Methods 
Releves were compiled in 83 stratified random sample plots. 
Care was taken to avoid sampling of severely degraded veg-
etation and excessively disturbed areas. Rainfall was used 
as a first stratification of the study area with land type for a 
more detailed stratification. 
Plot sizes were fixed at 1 DOm;', which are in accordance 
with , ptot sizes used by Scheepers (1975) , Bredenkamp and 
Theron (1978) , Rossouw (1983) , Van Wyk (1983) , Muller 
(1986), Du Preez (1991), Bezuidenhout (1993) and Futs 
(1993). For every ptant species present in the sample plot, a 
cover-abundance value was estimated according to the 
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Braun-Blanquet scale (Mueller-Dombois and Ellenberg 
1974). 
Two-way indicator species analysis (TWINS PAN) (Hill 
1979a) was applied to the floristic data set in order to derive 
a first approximation of the plant communities of the area. In 
order to determine vegetation gradients and the relationship 
with environmental variables, Oetrended Correspondence 
Analysis (DECORANA) (Hill 1979b) was applied to the f1oris-
lic data set. 
Taxon and author names comply with those of Arnold and 
De Wet (1993) . 
Results and Discussion 
The vegetation of the study area separates into distinct plant 
communities. The variation in topography creates a variety 
of habitats that in turn bear different plant communities. 
Different utilisation patterns also contribute to this variety of 
communities. The hierarchical classification is as follows: 
1 Acacia mellifera - Tarchonanthus camphoratus 
Major Community 
1.1 Acacia melhfera - Schmidtia pappophoroides 
Community 
1.2 Hermannia comosa - Acacia mellifera Community 
1.3 Rhus burchellii - Lantana rugosa Community 
1.4 Justicea cuneafa- Sporobolus fimbriafus Community 
1.5 Melhania rehmannii - Corbichonia decumbens 
Community 
1.6 Cenchrus ciliaris - Acacia mellifera Community 
1.6.1 Cenchrus cifiaris - Fingerhuthia africana 
Sub-community 
1.6.2 Grewia flava - Hermannia bryoniifolia Sub-community 
2 Cheilanthes ecklonoana - Oigilaria eriantha 
Major community 
2.1 Asparagus mucronatus - Rhus ciliata Community 
2.2 Eragrostis echinohloidea - Acacia tortilis Community 
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3 Maytenus polyacanlha - Eriocephalus spinescens 
Major Community 
3.1 Elephantorrhiza elephantina - Acacia tortilis 
Community 
3.2 Edocepalus ericoides - Acacia tortiJis Community 
3.3 Scmidlia pappophoroides - Dimorpholheca zeyher 
Community 
3.4 Eragrostis obtusa·8fepharis diversispina Community 
4 Rhigozum trichotomum·Acacia karroo 
Major community 
Description of the communities 
Acacia mellifera - Tarchonanthus camphoratus 
Major Community 
This major community is found on the rocky areas in the 
southwestern parts of the study area. These sites are usual· 
Iy situated on shallow soil on hill slopes, but are also asso-
ciated with the dry plateau edges. Geologically, the Tierberg 
Formation of the Ecca Group underlies the area. Outcrops of 
Karoo dolerite are prominent. 
Acacia melli/era is diagnostic of this vegetation unit. The 
shrub Tarchonanlhus camphoralus and the thorny shrub 
Asparagus suaveolens occur throughout the community. 
Grasses are not confined to this community. Heteropogon 
contortus and Themeda triandra are the only prominent 
grasses in this major community. 
Seven distinct vegetation units are recognised within the 
Acacia mel/itera - Tarchonanlhus camphoralus Major 
Community. 
1. t Acacia mellifera - Schmidlia pappophoroides 
Communily 
This vegetation unit is found on the plateaux of low dolerite 
hills. Big dolerite boulders (>1 m in diameter) are visible on 
the soil surface. The vegetation is partly overgrazed and evi· 
dence of regular fires can be noticed. 
This plant community lacks diagnostic species, but is 
characterised by the dominance of Acacia mellifera. 
According to Carr (1976) and Smit (1999), Acacia mellitera 
is extremely drought resistant and has a preference for 
deep, sandy or gravelly soils. However, in this community 
the dolerite hills gave rise to rocky shallow soils. Acacia mel-
litera has a shallow, wide spreading root system and is also 
adapted to grow in shallow soil (Smit 1999). The Acacia me/-
litera - Schmidlia pappophoroides Community has a low 
species richness with the shrub Tarchonanthus camphora· 
Ius the only other woody species present. Schmidlia pap-
pophoroides, Heteropogon confortus, Enneapogon scopar· 
ius and Adstida diffusa are the only prominent grasses. 
1.2 Hermannia comosa - Acacia mellifera Community 
This plant community is iound on the south-iacing midslopes 
oi dolerite hills. Large boulders are absent, but more than 
50% of the soil surface is covered with rocks «1 m in diam-
eter) and stones . 
The constant occurrence of Hermannia comosa is promi· 
nent. This species often grows in extremely rocky habitat 
and is absent from the Acacia mellifera - Schmidtia pap· 
pophoroides Community. A few woody species. including the 
trees Acacia mellitera. and Acacia karroo and the shrubs, 
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Asparagus suaveo/ens and Tarchonanthus camphoratus are 
prominent. The latter can reach heights of up to 6 metres, 
but in this community seldom exceeds 2 metres. The grass-
es Heleropogon conlortus and Themeda Iriandra have high 
cover abundance. 
1.3 Rhus burche/lii - Lanlana rugosa Community 
The Rhus burchellii - Lantana rugosa Community is encoun· 
tered on relatively dry north-iacing slopes and on flat 
plateaux of low hills. The soils are generally shallow 
«100mm deep) with a high percentage (often higher than 
70%) surface rock. 
The characteristic species are the shrub Rhus burchellii 
and the forb Lanlana rugosa. R. burchel/ii commonly occurs 
in rocky ravines and ridge veld (Venter and Joubert 1985). 
The grass Heteropogon contortus is the only grass species 
occurring throughout the plant community. 
1.4 Juslicea cuneala - Sporobolus fimbria Ius Community 
This sUb-community irequently occurs on the relatively dry 
and often disturbed / degraded iootslopes oi rocky ridges. 
The soil is of a calcareous nature and the surface is often 
covered with wind-blown sand. 
Bar/eria rigida is diagnostic for this vegetation unit. This 
species together with Justicia cuneata, Fingerhuthia 
africana and Acacia mellitera are the most abundant 
species. Tree and shrub species are scarce, and only Acacia 
mellifera is conspicuous. 
1.5 Melhania rehmannii - Corbichonia decumbens 
Sub-community 
This Community is encountered on the footslopes of west-
facing hills. Signs of over utilisation and disturbance are 
noted in this community. Fine gravel, covering the soil sur· 
face, and dolerite rock sheets are prominent. No diagnostic 
species occur in this plant community. 
Acacia mel/itera is the only conspicuous tree species and 
has a high cover·abundance. Only a few other species occur 
oi which the shrub Ehrelia rigida is among the subordinate 
shrubs with a low cover-abundance. The grass Enneapogon 
scoparius is locally dominant. 
1.6 Cenehrus eiliads - Acacia mellifera Community 
This vegetation unit is restricted to rocky habitat at the ioot-
slopes of hills and ridges. Gravel due to continuous erosion 
of the upper layers cover the soil surface. Trampling effect of 
livestock is obvious. 
The grass Cenchrus ciliaris is the differentiating species. 
Abundant woody species include the thorn trees Acacia mel· 
litera and A 10r/ilis and to a lesser extent, the shrub Ehrelia 
rigida. 
Two sub·communities are recognised. 
1.6.1 Cenchrus ciiiads - Fingerhuthia africana 
Sub·community 
The Cenchrus ciliaris·Fingerhuthia africana Sub·community 
is mostly associated with rocky soil, covered by a thin layer 
oi wind-blown sand at the footslopes of dolerite hills. 
The regular occurrence of Fingerhuthia africana differenti· 
ates this vegetation unit from the Grewia fJava- Hermannia 
bryoniifolia Sub·community. Grewia f1ava has a restricted 
284 
occurrence, but other species with regular occurrence are 
Acac;a torti/is and Heteropogon contortus. 
1.6.2 Grewia fJava - Hermannia bryoniilo/ia Sub-community 
This sub*community is generally found where rocky soils 
and dolerite boulders prevail. The habitat is less exposed 
than in the Cenchrus cWaris - Fingerhulhia africana Sub-
community. The habitat is situated in low- lying areas and 
the soil is of a clayey nature. 
The species have a low cover-abundance with Cenchrus 
ciliaris the dominant and Fingerhuthia africana absent. Also 
conspicuous are Asparagus mucronatus, Rhus lancea and 
Hermannia vestita, which are virtually absent in the 
Cenchrus ciliaris - Fingerhuthia africana SUb-community. 
Conspicuous woody species include Grewia flava , Acacia 
mel/ilera and A. tortilis. 
2 Cheifanthes eckfoniana-Digitaria eriantha 
Major Community 
The Cheilanthes eckloniana - Digitaria eriantha Major 
Community is found in the Jacobsdal District. This vegeta-
tion unit is mainly associated with the upper slopes and 
plateaux of low hills. The soi ls present, generally have a high 
base status (Land Type Survey Staff, in press). Two areas 
are distinguishable one to the north and one to the south of 
Jacobsdal. The soils of the southern part (Ae land type) are 
generally deeper (>300mm deep) (Land Type Survey Staff, 
in press) than the soils of the Ag land type in the northern 
part «300mm deep) (Land Type Survey Staff, in press). 
The Tierberg Formation of the Ecca group is the main geo-
logical formation. Dolerite dykes that occur are restricted to 
the higher-lying areas. 
The presence of Chef/anthes eckloniana. Digitaria eri-
antha and Eragrostis curvu/a combined with the absence of 
Acacia mel/iterB characterise this major community. Acacia 
tortilis is the only dominant tree species, which according to 
Venter and Joubert (1985) is common to dominant in the 
western thornveld of the Free State. Acacia tortilis is more 
common in bushveld and lowveld but extends also to the 
highveld areas of South Africa (Carr 1976). It may grow on a 
variety of soil types, but shows some preference for heavy, 
clayey soils (Smit 1999). 
This major community divides into two distinct communi-
ties. 
2.1 Asparagus mucronatus - Rhus ciliata Community 
This community is mainly associated with the upper slopes 
and plateaux of low hills in the undulating landscape. The 
soils are generally deeper than 300mm on the plateaux, but 
are markedly shallower on the rocky slopes. The soil type is 
mostly of the Mispah form with a shallow orthic A-horizon 
(Land Type Survey Staff, in press) . 
The vegetation is characterised by the Asparagus 
mucronatus, Rhus ciliata, Hermannia vestita, Felicia murica-
ta, Chenopodium album and Pachypodium succu/entum. 
which occur in the dry rocky habitat of the western Free 
State. The shrubs, Asparagus mucronatus and Rhus ciliata 
are abundant while Tarchonanthus camphoratus and Acacia 
tortilis are the two dominant tree species. The grass species 
Heteropogon confortus, is often abundant in extremely rocky 
localities, but is less common in the low-lying areas. 
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2.2 Eragrostis echinohloidea - Acacia tortilis Community 
This vegetation unit is associated with the middle and upper 
slopes of rocky hills where rocks covering 80- 90% of the soil 
surface. 
It is characterised by Eragrostis echinochloidea which , 
according to Van Oudtshoorn (199 1), grows well in disturbed 
habitat and is indicative of habitat disturbance and over-
grazed pasture. The diagnostic species of the Asparagus 
mucronata- Rhus ciliata community are absent. The restrict-
ed dominance of Heteropogon contortus also characterises 
this vegetation unit. 
3 Maytenus polyacantha - Eriocephalus spinescens 
Major Community 
A community associated with drainage channels on the low-
lying foots lopes of dolerite hil ls where the soi l is clayey and 
covered with fine gravel of eroded rock from the upper 
slopes. 
This vegetation unil. is differentiated and diagnosed by 
May tenus polyacantha, Eriocephalu5 spinescens, 
Chrysocoma ciliata and Aristida congesta. The presence of 
Chrysocoma ciliata is indicative of Karoa invasion 
(Anonymous 1968). Four communities are recognisable. 
3.1 Elephantorrhiza elephantina - Acacia tortilis Community 
This vegetation unit is situated on the low-lying sandy areas 
of dolerite hills. The soil is deep (>400mm deep) and no 
rocks or stones are visible on the soil surface. Habitat dis-
turbances, due to overgrazing and trampling by livestock, 
are evident. Soil erosion commonly occurs. 
Elephantorrl1iza elephantina grows in deep sandy soil and 
is diagnostic. Rhus ciliata, Tarchonanthus camphoratus, 
Maylenus polyacantha and Acacia tortilis are prominent rep-
resentatives of the woody component. Grasses are not con-
spicuous and only Aristida congesta and Heteropogon con-
tortus were noted. 
3.2 Eriocephalus spinescens - Acacia tortilis Community 
This community is found on dry low-lying plains with cal-
careous soils . Calcareous and dolerite stones cover the soil 
surtace. The soil is poorly drained and patches of overgraz-
ing are common. 
The community is characterised by the presence of the 
diagnostic species of the major community, and dwarf 
shrubs, Eriocepha/us ericaides and Chrysocoma ciliata. 
The woody species Elephantorrhiza elephantina and 
Tarchonanthus camphoratus are absent, but Acacia tortilis is 
present and dominant among the woody species present. 
Grasses are scarce, only Eragrostis curvula is present. 
3.3 Scmidtia pappophoroides - Dimorphotheca zeyheri 
Community 
The Schmidtia pappophoroides - Dimorphotheca zeyheri 
Community is found in the Jacobsdal area where soils are 
generally deep (>300mm deep) and sandy. Habitat distur-
bance is noted in areas where limestone reefs are common. 
Schmfdtia pappophoroides is most prominent in the com-
munity while, Dimorphotheca zeyheri, Hermannia modesta 
and Chloris virgata are diagnostic. Acacia tortilis dominates 
th is thornveld and is the only conspicuous tree species pres-
ent. 
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3.4 Eragrostis obtusa - Blepharis diversispina Community 
Similar to the Schmidtia pappophoroides - Dimorphotheca 
zeyheri Community, this vegetation unit has a limited distri-
bution and species richness. 
The diagnostic presence of Blepharis diversispina and 
absence of Schmidtia pappophoroides, Dimorphotheca zey-
heri, Hermannia modesta, and Chloris virgata distinguish 
th is community. As in the Schmidtia pappohoroides -
Oimorphotheca zeyher Community, Acacia torti/is is domi-
nant and the only woody species present. 
4 Rhigozum trichotomum - Acacia karroo 
Major Community 
This woody Major Community, comprising overgrazed and 
trampled veld, is found on shallow, rocky lithosols of loamy 
sand on plateaux and gentte slopes, rarely sloping more 
than 5. It also occurs where calcrete plateaux are overlain by 
a thin tayer of Kalahari sand and along the banks of some 
dry rivulets. According to Bezuidenhout (1993) areas occu-
pied by Acacia karroo Woodland are often overgrazed and 
large areas of bare, compacted soil Indicate the advanced 
stages of degradation. 
This vegetation type is characterised by the presence and 
dominance of Rhigozum trichotomum and Acacia karroo. 
According to Carr (1976) Acacia karroo is more widely dis-
tributed than any of the other Acacias and occurs under 
varying cl imatic conditions in all provinces of South Africa, 
eastern Botswana, Swaziland and Lesotho. It grows on most 
soil types , but is often associated with clay and loam soi ls. 
Of all the South Alccan Acacia species, Acacia karroo is 
likely the most tolerant to cold (Smit 1999) . 
The Rhigozum trichotomum - Acacia karroo major com-
munity should not be confused with the Acacia karroo-
Asparagus laricinus Major Community (Malan et al. 1998) 
that is associated with low-lying areas along publ ic roads. 
Ordination 
The distribution of the syntaxa along the first and second 
axes of the DECORANA ordination (Hill 1979b) is given in 
Figure 2. The first axis illustrates a gradient of habitat distur-
bance. Communities in the left sector of the diagram are 
more disturbed than those situated to the right. Also illus-
trated along axis 1, is the distribution of plant communities 
associated with rocky or sandy soi1s. Along the second axis, 
plant communities of bottomtands and foots lopes range 
towards the top of the diagram, while commu nities restricted 
to the hills, ridges and plateaux are located towards the bot-
tom. 
Figure 2 furthermore, illustrates the concentration of the 
Acacia mellilera - Tarchonanlhus camphoralus (a) 
Cheilanthes eckloniana - Digitaria eriantha (b) and 
Rhigozum trichotomum -Acacia karroo major community (d) 
to the bottom of the diagram. The May tenus polyacantha -
Eriocephalus spinescens (c) Major Community is located to 
the middle of the diagram. 
The DCA ordination supports the Braun-Blanquet classifi-
cation. 
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Figure 2: A DCA ordination of the Acacia communities of th e south-
ern Free Slate; (a) Acacia meffifera - Tarchonanthus camphoratus 
Major Community; (b) Cheilanthes ecklonoana - Digitaria eriantha 
Major Community: (c) May tenus pofyacantha - Eriocephalus 
spinescens Major Community; (d) Rhigozum Irichotomum - Acacia 
karroo Major Communi ty 
Discussion 
This is the first comprehensive ecological account of the 
Acacia communities in the dry southwestern Free State. All 
the major vegetation types and associated communities 
could be related to specific environmental attributes. These 
communities differ from one another, but certain similarities 
are also notable. The Acacia communities are all woody, 
easily distinguishable and interpretable in the field and their 
grassland component are all. Veld fires occur regularly and 
play an important role in veld management. According to 
Smit (1999) sporadic hot fires are necessary to control the 
increase of woody species. 
The low species richness and low successional status of 
the species are ascribed to the degradation of the grassland 
and to bush encroachment. In areas where thorn-bush 
encroachment is a problem, a cheap and effective method of 
assisting the recovery of grasses, is to cover such areas with 
cut bush that is cleared from the area before seeding. 
Normally such brush decomposes after a few seasons and 
the liUle patches thus protected become available for graz-
ing. However, in all cases of veld reclamation, whether by 
natural or chemical means, sufficient recuperative rest dur-
ing the growing season in the ensuing years is essential if 
the reclaimed veld is to maintain itself (Tainton 1984). 
Acacia mel/itera, A. tortilis, A. karroo and Rhigozum obo-
va tum are the most important differentiating species in the 
thornveld of the southern Free State . Acacia mel/ilera is 
286 
common in the southwestern thornveld, while Acacia tortilis 
is common to abundant on calcareous habitat. Acacia karma 
is widely distributed throughout the Free State and occurs 
especially along watercourses and drainage lines in part icu-
lar (Malan et a/. 2000) . In exceptional cases, Acacia karroo 
encroachment may occur on overgrazed grasslands . 
Rhigozum obovatum is a widely spread karroid species and 
is common to abundant in stony veld and on hills. The most 
important grasses encountered in the thornveld of the south-
western Free State are Aristida congesta, A. diffusa. 
Enneapogon scoparius, Eragrostis (ehmanniana , 
Fingerhuthia africana, Heteropogon contortus and Themeda 
triandra. Blepharis diversispina, Chrysocoma cmata, Hertia 
pal/ens, Eriocephalus ericoides, E. spinescens. Lycium 
cinereum, Pentzia gfobosa and Sa/sola glabrescens are all 
elements from the Karoa vegetation, indicati ng the strong 
relationship between these Acacia grassland communities 
and the encroaching Karoo. Conservation of these areas 
should receive high priority and these present studies could 
be used as a basis. It is necessary to obtain a better under-
standing of the thornveld vegetation to enable the applica-
tion of constructive management techniques in order to con-
serve natural resources better. 
References 
Acocks JPH (1988) Veld types of South Africa, 3rd edn. Memoirs of 
the Botanical Survey of South Africa 57: 1-146 
ANONYMOUS (1968) Ken die Karoobossie. Landbouweekblad. 
National Media Ud., Cape Town 
Arnold TH, De Wet BC (1993) Plants 01 southern Africa: Names and 
distnbution. Memoirs of the Botanical Survey of South Africa 62: 
t-825 
Bezuidenhout H (1993) Syntaxonomy and synecology of the west-
ern Transvaal grasslands. PhD Thesis, University of Pretona, 
Pretoria, South Africa 
Bezuidenhoul H, Bredenkamp GJ (1990) A reconna issance survey 
of the vegetation of the dolomi tic region in the Polchefstroom-
Ventersdorp-Randfontein area, South Africa. Phytocoenologla 
18: 387-403 
Bredenkamp GJ, Joubert AF, Bezuidenhout H (1989) A reconnais-
sance survey of the vegetation of the plains in the Potchefslfoom-
Fochville-Parys area. South African Journal 01 Botany 55: 199-206 
Bredenkamp GJ, Theron GK (1978) A synecological account of the 
Suikerbosrand Nature Reserve. 1. The phytosociology of the 
Witwatersrand geological system. Bothalia 12: 513-529 
Carr JD (1976) The South African Acacias. Conservation press 
(Pty.) Ltd, Johannesburg 
Du Preez PJ (1991) A syntaxonomical and synecological study of 
the south-eastern Orange Free State and relaled areas with spe-
cial reference to Korannaberg. PhD TheSis, University of the 
Orange Free State, Bloemfontein 
Du Toil Al (1954) The geology of South Africa. Oliver & Boyd, 
Edinburgh 
Fuls ER (1993) Vegetation ecology of the northern Orange Free 
State. PhD thesis. University of Pretoria, Pretoria 
Hill MO (1979a) TWINSPAN - A Fortran program for arranging 
multivariate data in an ordered two-way table by classification of 
the individuals and attributes. Department of Ecology and 
Systematics, Cornell University, Ithaca, New York 
Hill MO (1979b) DECORANA - A Fortran program for delrended 
correspondence analysis and reciprocal averaging. Department 
Edited by GJ Bredenkamp 
Malan Venter and Du Preez 
of Ecology and Systematics. Cornell UnIVersity, Ithaca, New York 
Hoffman MT (1996) Orange River Nama Karoo. In: Low AB. Rebelo 
AG (eds) Vegetation of South Afnca, Lesotho and Swaziland. 
Department of Environmental Affairs & Tourism, Pretoria 
Kool] MS, Bredenkamp GJ, Theron GK (1990) Classification of the 
vegetation of the B land type in the north-western Orange Free 
State. South African Journal of Botany 56: 309-318 
Land Type Survey Staff (in press) Land Types of the maps 2924 -
Koffiefontein and 3024 - Colesberg. Memoirs 01 Agricultural 
Natural Resourses No 14 
Malan PW, Venter HJT, Du Preez PJ (1998) Vegetation ecology of 
the southern Free State: Shrubland communities if the rocky out-
crops. South African Journal of Botany 64: 1-17 
Malan PW, Venter HJT, Du Preez PJ (2000) Vegetat ion ecotogy 01 
the southern Free State: Plant communities of the drainage chan· 
nels. South African Journal of Botany (Submitted) 
Mentis MT, Huntley 8T (1982) A description of the Grassland Biome 
Project. South African Natural Scientific Programmes Report 62: 
1-29 
MueUer-DombOis 0 , Ellenberg H (1974). Aims and Methods of 
Vegetation Ecology. Wiley, New York 
Muller DB (1986) Ptantekologie van die Willem Pretorius Wildtuin. 
PhD thesis, University of the Orange Free State, Bloemfontein 
Rossouw LF (1983) 'n Ekologlese studie van die boomgemeen-
skappe van die Bloemfontein omgewing, OranJe-Vrystaat. MSc 
thesis, UniverSity of the Orange Free State, Bloemfontein, South 
Africa 
Rutherford MC, Westfall RH (1994) Biomes of southern Africa - an 
objective categorization. Memoirs of the Botanical Survey of 
South Africa 63: 1- 94 
SACS (1980) Stratigraphy of South Africa. Part 1 In: Kent LE (ed) 
Lithostratigraphy of the Republic of South Africa, South West 
Africa/Namibia, and the Republics of Botswana, Transkei and 
Venda. Dept. Minerai and Energy Affairs , Pretoria 
Scheepers JC (1975) The plant ecology of Ihe Kroonstad and 
Bethlehem areas of the Highveld Agricultural Region. DSc thesis, 
University of Pretoria, Pretoria 
Scheepers JC (1986) Grassland Biome Project: Proceedings of the 
workshop on the classification and mapping. Ecosystems 
Programmes Report 16: 1-31 
Smit GN (1999) GUide to the South African Acacias. Briza 
Publications, Arcadia, Pretoria 
Soil Classification Working Group (1991) Soil classification. A taxo-
nomic system for South Africa. Memoirs on the Agflcultural 
Natural Resources of South Africa No 15. Department of 
Agricultural Development, Pretoria 
Tainton NM (1984) Veld and pasture management in South Africa. 
Shuter & Shooter, Pietermarilzburg 
Van Oudtshoorn FP (1991) Gids tol grasse van SUid-Afrika. Briza 
Publications, Arcadia, Pretoria 
Van Wyk S (1983) 'n Plantekologiese studle van die Abe Baitey-
natuurreservaat. MSc thesis, Potchelstroom University for 
Christian Higher Education, Potchefstroom 
Venter HJT. Joubert AM (1985) Klimplante, bome en struike van die 
Oranje-Vrystaat, 2nd edn. PJ de Villiers, Bloemfontein 
Weather Bureau (1965) Climate of South Africa. General Survey. 
Part 8, WB 28. Government printer, Pretoria, pp 330 
Westhoff V (1971) The dynamic structure 01 plant communities in 
relation to the objectives of conservation. In: Duffey E, Watt AS 
The scientific management of animal and plant communities for 
conservation. Blackwell , Oxford 
Whittaker RH (1978) ClaSSification of Plant Communities. W Junk. 
The Hague 
